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In a recent paper 191, Mazat has shown that the Schur multiplier of the 
Mathieu group M,, is cyclic of order 12, thus correcting earlier results of 
Burgoyne and Fong [2, 31. There is therefore a complex cocycle a on M,, 
with a’* = 1. In this paper, we calculate the ordinary and modular projective 
characters of M,, with cocycle /? in the cases p = a, a’, a3, a4 and a6, the 
characters corresponding to the other possible cocycles being easily deter- 
mined from these. 
In an earlier paper [7], similar calculations for M,,, the only other 
Mathieu group with non-trivial multiplier, are carried out. The definition and 
basic properties of projective characters are to be found in [S ] and of Brauer 
projective characters in 161. The tables of characters calculated are given in 
the Appendix. 
1. THE IRREDUCIBLE a-PROJECTIVE CHARACTERS WITH a*= 1 
1.1. Ordinary Projective Characters 
Using the fact that each of the primes 5, 7 and 11 divides lM,,l = 443,520 
to the first power only, Burgoyne and Fong 12, p. 3041 have determined the 
degrees of the irreducible a-projective characters. Among the irreducible a- 
projective characters is a pair 10, 10 of conjugate characters of degree 10. 
The product characters 10.10 and 1O.B are characters of M,, and so the 
values of 10, m may be determined from the ordinary character table of M,, 
as given in Table I. It is then a routine calculation, using the orthogonality 
relations for projective characters [.5, Corollary 4.21 and the fact that the 
product character of a character with an a-projective character is an a- 
projective character to obtain the values of the irreducible a-projective 
characters given in Table II. 
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1.2. Projective Characters Module 11 
As is explained in 9 1 of [5], since the complex valued cocycle a has order 
2, without loss of generality, we may suppose that for all x, y E Ml*, a(x, y) 
is either 1 or -1. Reducing modulo 11 then gives a cocycle over the field 
with 11 elements which is also denoted by a. Since 11 does not divide the 
order of the Schur multiplier of M,,, it follows from Theorem 1.4 of [6] that 
the irreducible a-projective characters of M,, fall into blocks which 
correspond to blocks of characters of the representation group of M,,. Since 
11 divides IM,, 1 but 12 1 does not, results of Brauer enable the irreducible 
Brauer a-projective characters to be determined. 
Thus, the irreducible a-projective characters 154, 154’, 330 and 440 each 
give, on restriction to 1 l-regular elements, a Brauer a-projective character 
which forms a block on its own. The remaining 1 l-block contains 10, lo, 56, 
120, 210, 126 and 126, the latter two being exceptional for 11. We now 
determine the Brauer tree for this block. 
The product character of the a-projective character 10 with the character 
21 is the irreducible a-projective character 210. However, as a Brauer 
character modulo 11, 21 = 1 + 20 ([S; Theorem 4.31) and so, as a Brauer 
projective character, 210 contains 10 and, by a similar argument, 10. The 
product character 1176 of 21 with the a-projective character 56 has the 
decomposition 
1176 = 56 + 2.120 + 2.440 
into irreducible a-projective characters. Since 120 is not a constituent of the 
product character 21.126, it follows easily that the only possibility for the 
Brauer tree of the remaining 1 l-block is 
56 120 210 126 .-- .-. -. 
1.3. Projective Characters Module 7 
As in 1.2, the restriction of each of the a-projective characters 56, 126, 
126, 154, 154’, 210 to 7-regular classes gives an irreducible Brauer character 
which forms a block on its own. The remaining 7-block contains 120, 330, 
440, 10 and n with the latter two being exceptional for 7. It follows from 
Theorem 5.1 of [8], that the character 56 = 1 + 55 is a principal 
indecomposable character of M,, and so the product character 56.10 is a 
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sum of a-projective principal indecomposable characters. However, 56.10 
has the decomposition 
56.10 = 10 + i0 + 330 + 210 
into irreducible a-projective characters and it easily follows that the Brauer 
tree of the remaining 7-block is 
10 330 440 120 .-. .-. . 
1.4. Projective Characters Modulo 5 
As above, each of the irreducible a-projective characters 10, %, 120, 210, 
330 and 440 forms a block on its own and the remaining 5-block contains 
56, 126, 126, 154 and 154’. The characters 154 and 154’ are the only 
irreducible a-projective characters which are non-zero on the class 
(8)2 (4)(2). Since there are always ambiguities of sign associated with 
projective characters, without loss of generality, we will suppose that the 
characters are indexed so that the Brauer tree of the 5-block is 
126 154 56 154’ 126 .- .-.-. -. 
1.5. Projective Characters Modulo 3 
Theorem 3.6 of [6] may be used to assign the a-projective characters of G 
to blocks. It follows that each of 126 and 126 forms a block on its own and 
that 120, 210 and 330 form a block with Brauer tree, 
210 330 120 .-.-. 
The remaining irreducible a-projective characters 10, a, 56, 154, 154’ and 
440 are in one 3-block. Since M,, has nine 3-regular a-regular classes, 
Theorem 4.2 of [6] implies that there are five irreducible Brauer a-projective 
characters yet to be determined. 
The irreducible Brauer characters of M,, have been determined by James 
[8, Theorem 7.31 and their values are given in Table III. The product 
character 100 = 10 . 10 of the irreducible a-projective character 10 with 
itself has the decomposition 
10 * 10 = 45 + 55 
into irreducible characters. Since 45 and 55 are irreducible Brauer characters 
of M22 modulo 3, it follows that 10 is an irreducible Brauer a-projective 
character and therefore that a is also an irreducible Brauer a-projective 
character. 
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LEMMA 1.5.1. The restriction of the irreducible a-projective character 56 
to 3-regular classes is an irreducible Brauer a-projective character. 
Proof The product character 56 . 10 has the decomposition 
56 + 10 = 280 + 280 
into irreducible characters and therefore has the decomposition 
56. lo=231 +49+231 +49 
into irreducible Brauer characters. It therefore follows that if 56 is not 
irreducible, then 56 = 28 + 28 with 28 and 28 being irreducible Brauer a- 
projective characters. 
Suppose 56 is not irreducible, so that the irreducible Brauer projective 
characters are 10, 10, 28, 28 and a further character #. We consider the 
decomposition of 154 and 154’ into irreducibles. The product character 
154 . 10 has the decomposition 
154. 10=385+280+280+231 +210+ 154 
into irreducible characters and the decomposition 
154. 10 = 2. 1 + 21 + 3 .49 + 3 .49 + 2. 55 + 3 . 231 + 2. 210 
into irreducible Brauer characters. Since 10 . 10 = 45 + 55 and 10 . 10 = 
1 + 99, it follows that neither of 10, m is a constituent of 154 (and similarly 
for 154’). Also, since 154, 154’ are real, each contains 28 and 28 with equal 
multiplicity. Thus there are non-negative integers a, b, c, d such that 
and 
154 = a . 56 + b + 4 
154’ = c . 56 + d . 4. 
Since 56 . 10 contains 231 twice a, c are both at most 1. However if a = c 
we would have that 154 = 154’ which is not the case. Therefore either 
154= b. $ or 154’=d. 4. Since 154 and 154’ take the value -1 on 
elements of order 5, either of these possibilities would imply that Q has 
degree 154 which is impossible. Thus 56 is irreducible. 
LEMMA 1.5.2. The restriction to 3-regular classes of each of the 
irreducible projective characters 154 and 154’ is an irreducible Brauer 
projective character. 
Proof: We have seen in the proof of Lemma 1.5.1 that 154 does not 
contain either 10 or m and that it contains 56 as a constituent at most once. 
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The group M,, contains the alternating group A, as a subgroup and the a- 
projective characters of M,, restrict to A, as ordinary characters. Also A, 
has a 3-block containing the characters 6, 15 and 21 and as Brauer 
characters 21 = 6 + 15. Now 
56,, = 1 + 6 + 14, + 14, + 21 
while 154,, = 154J,, contains 2 1 once but does not contain 6. It therefore 
follows that 56 is not a constituent of either 154 or 154’ and also that 154 
and 154’ are irreducible. 
The values of the irreducible Brauer projective characters are given in 
Table IV. It follows that the decomposition matrix is 
where 
126 126 
i20 210 
and 
i6 56 154 154’ 
The Cartan matrix is 
where 
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and 
i 
2 1 2 1 1 
12 2 11 
c,= 2 2 5 
1 1 2 
2 2. i
2 1 
1 1 2 1 2 
1.6. Projective Characters Modulo 2 
James (81 has determined the irreducible Brauer characters of M,, and the 
values of these characters are given in Table V. Since a* = 1, it follows from 
the definition in 0 4 of [ 61 that the irreducible Brauer a-projective characters 
of M22 are precisely the irreducible Brauer characters. Thus the decom- 
position matrix is 
10 
iti 
56 
120 
I26 
126 
154 
154' 
210 
330 
440 
and the Cartan matrix is 
1 10 10 34 98 70 % 
1 
1 
2 1 1 1 
2 1 1 1 
2 1 1 1 
2 1 1 1 
2 1 1 1 1 
2 1 1 1 1 
4 2 2 2 1 
4 1 1 2 1 
6 3 3 4 1 
, 
1 
1 
1 1 
1 1 , 
2 12 5 5 
5 5 
7 7. 
2 2 
3 2 
2 3 I 
'92 42 42 50 20 
42 21 20 23 9 
42 20 21 23 9 
50 23 23 29 10 
20 9 9 10 6 
12 5 5 7 2 
12 5 5 7 2 c 
Note that, since a* = 1 the irreducible Brauer a-projective characters and 
principal indecomposable a-projective characters are all characters of M,, 
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and so this Cartan matrix is identical to the one obtained by James in 
Theorem 8.4 of [8]. 
2. THE IRREDUCIBLE ~-PROJECTIVE CHARACTERS WITH a3 = 1 
2.1. Ordinary Projective Characters 
The values of the irreducible a-projective characters given in Table VI 
have been determined by James [8]. 
2.2. Projective Characters Module 11 
The characters 99, 231, 231’ and 330 each forms an I l-block on its own. 
The remaining block contains 21? 45, 45, 210, 384, 105 and 105 with 105 
and 105 being exceptional for 11. As was mentioned in Section 1.2, the 
irreducible character 21 has a decomposition 21 = 1 + 20 modulo 11. The 
product character 441 of 21 with the irreducible a-projective character 21 
has the decomposition 
441 = 105 + 105 + 231 
into irreducible a-projective characters. It follows that 21 is a constituent of 
105 modulo 11 and that the Brauer tree of the remaining block is 
21 105 .- .-. 384 2!0 
2.3. Projective Characters Module I 
Apart from blocks containing precisely one irreducible a-projective 
character, there is one 7-block which contains the exceptional characters 45 
and 45 together with 99, 330 and 384. Restricting to Mzl, a determines a 
cocycle ,fJ and the values of the irreducible P-projective characters may easily 
be determined from Table VI. On restriction to M,, , 99 has the decom- 
position 
99= 15 +84 
into irreducible Brauer P-projective characters and so 45 cannot be a 
constituent of 99. It follows that the Brauer tree is 
45 330 384 99 .-.-.-. 
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2.4. Projective Characters Module 5 
The only Sblock containing more than one irreducible projective 
character is that containing 2 1, 99, 384, 23 1, and 23 1 2 where 23 1, denotes 
the irreducible taking the value -9 on involutions. Restricting to M,, , 384 
does not contain the irreducible /?-projective character 15 while 23 1, does. It 
follows that the Brauer tree is 
21 99 231, 384 231, .-. .-. . 
2.5. Projective Characters Module 3 
As in Section 1.6, since (r3 = 1 it follows that the irreducible a-projective 
characters have the values given in Table III. The decomposition matrix is 
where 
45 45 99 21 210 
and 
105 
105 
D,=231, 
330 
384 
The Cartan matrix is 
where 
1 55 49 49 231 
1 1 1 
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and 
c, = 
i 2 31 2 31 3 2 2 3 2 31’  
This is the Cartan matrix obtained by James in Theorem 7.3 of [S] as would 
be expected from the considerations mentioned in Secton 1.6. 
2.6. Projective Characters Module 2 
First, the character 384 forms a block on its own, the remaining 
irreducible projective characters being in one further 2-block. Since there are 
six 2-regular a-regular conjugacy classes, this block contains five irreducible 
Brauer projective characters. In [S], James constructs Brauer a-projective 
characters 6 and 15, the values of these characters being given in Table VII. 
The conjugate character 6 is an a*-projective character and so the product 
character 6 . 6 is a Brauer character. Since 
6.6=2. I+34 
is the decomposition into irreducible Brauer characters, 6 must be 
irreducible. The product character 15 . i5 has the decomposition 
15.6= 10+ 10+70 
into irreducible Brauer characters. so 15 is also irreducible. 
LEMMA 2.6.1. The Brauer characters obtained by restricting the a- 
projective characters 45 and 45 to 2-regular classes are both irreducible. 
Proof We first show that if 45 were not irreducible, then 45 = 6 + 39 
where 39 is an irreducible Brauer a-projective character. To see this, 
consider the product character of 45 with the Brauer character 10. This has 
the decomposition 
45.10=45+15+6+384. 
It follows from this that if 45 is not irreducible, then 45 = 6’ + 39 with 6’ 
and 39 irreducible. The complex conjugate 6’ of 6’ is an a-‘-projective 
character and so the product character 6 . g’ is a Brauer character of M,, 
which vanishes on elements of order 3. An examination of the values of the 
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irreducible Brauer characters given in Table V shows that the only 
possibility is that 
6.5’=2. 1+34 
from which it follows that 6’ = 6 as required. 
Now suppose 45 = 6 + 39 so that 
39.10=6+384. 
Let G be the covering group 3 . M,, and K be a splitting field of charac- 
teristic two. Let 60, 384~0, etc., be the KG-modules associated with the 
characters. Since 384~ is a principal indecomposable module, and so is 
projective in the homological sense, 
390~ @ iifj = 60.10 384~. 
Thus 390 @ 10 has both a submodule and a quotient module isomorphic to 
60.1. For any KG-modules A, B write [A, B] for 
dim,(Hom,,(A, B)). 
We therefore have that 
and 
[6cu, 10 0 390.11~ 0 
[390 0 10, 6w] # 0. 
However, for any KG-modules A, B, C, by Lemma 1.2 of [ 11, 
[A@B,C]=[A,B*@C], 
where B* denotes the dual module of B. Hence 
and 
[6c(, @ 10, 39w]# 0 
[39w, 10 @ 6w] # 0 
so that 60 @ 10 has 390 as a submodule and also has a submodule 21~ of 
codimension 39. Thus 
6w @ 10 = 390 @ 2101, 
and consideration of Brauer characters shows that 210 has a composition 
factor isomorphic to 6w and one isomorphic to 15~. 
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If 21~ has a submodule isomorphic to 6~0, we would have 
- 
0 # [60, 6w @ lo] = [60 @ 60, 10). 
While if 210 had a quotient module isomorphic to 6~0, we would have 
Of [10@6~0, 6w]= [lo, 60@60]. 
Thus in either case, 6w @ 6w has 10 as a composition factor. However, 
consideration of Brauer characters shows that 
6.6=2.1+34 
and this contradiction shows that 45 is irreducible. A similar argument 
shows 45 to be irreducible. 
LEMMA 2.6.2. There is an irreducible Brauer a-projective character of 
degree 84. 
Proof The complex conjugates 6, 15 of 6, 15 are a*-projective Brauer 
characters and their product character 90 is an a-projective character which 
satisfies 
90+ 15=99+6. 
Hence 15 is a component of 99, leaving the character 84. 
Since there are 6 a-regular 2-regular classes, there are 6 irreducible Brauer 
a-projective characters of which we have determined 6, 15, 45, 45 and 384. 
However 84 is not a linear combination of these so 84 must contain the sixth 
irreducible 4 together with, possibly, some of 6, 15, 45 and 45. The product 
character 84 . 6 is a Brauer a-projective character with decomposition 
84. 6 = 384 + 45 + 45 + 2. 15. 
It is now clear on degree considerations that neither 45 nor 45 can be 
constituents of 84. Also 
E.6=84+6 
and 
6.6=2. 15+6 
so neither of 6, 15 are constituents of 84. Thus 84 is a multiple of 4 and 
since 384 is contained in 84 . 6 once, 84 must be equal to #. 
We have therefore determined the irreducible Brauer a-projective 
characters and their values are given in Table VI. The decomposition matrix 
is 
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6 15 4.5 ;TJ 84 384 
21 1 1 
45 r 1 
45 1 
99 1 1 
105 1 
! 
1 1 
105 1 1 1 
210 1 2 1 1 1 
231 2 3 1 1 1 
231 2 3 1 1 1 
330 2 4 1 1 2 
384 
The Cartan matrix is 
15 24 7 7 10 
24 42 13 13 18 
7 13 6 5 5 
7 13 5 6 5 
10 18 5 5 9 
0 0 0 0 0 
, 
3. THE IRREDUCIBLE ~-PROJECTIVE CHARACTERS WITH cx6= 1 
3.1. Ordinary Projective Characters 
The product character 194 of any projective character 0 from Table II with 
any projective character 4 from Table VI is an a-projective character. Using 
this fact, it is a routine calculation to obtain the values of the irreducible a- 
projective characters as given in Table VIII. 
3.2. Projective Characters Module 11 
Apart from those blocks containing precisely one irreducible projective 
character, there is an 1 l-block containing the exceptional characters 126, 
126 together with 120, 384, 210, (which takes the value -10 on involutions), 
210, and 210,. It follows from Theorem 4.3 of [8] that 22 = 1 + 21 is a 
principal indecomposable character and so the product character 126 . 22 is 
a sum of principal indecomposable o-projective characters. Now 
126. 22 = 2. 126 + 2. 126 + 2. 210, + 2. 384 + 210, + 210, + 2. 330. 
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It follows easily from this that 126 must be a constituent of 210, and so the 
Brauer tree of this block is 
. 126 
* 210, 
l 2!?--G”,. 384 21.0, 
3.3. Projective Characters Module 1 
The only 7-block containing more than one irreducible projective 
character is that containing 120, 384, 330 and the two exceptional characters 
66 and 66. Considering the product character of the character 56 from 
Table II with 21 from Table VI, it is easily seen that the Brauer tree of this 
block is 
66 120 384 330 .- .-. -* a 
3.4. Projective Characters Mod&o 5 
Considerations of degrees shows that the Brauer tree of the only block 
with non-zero defect is 
- 66 
126 384 .-. 126 
3.5. Projective Characters Module 3 
The irreducible Brauer a-projective characters are those given in Table IV. 
The decomposition matrix is 
where 
126 126 
120 210 
14 
and 
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10 fi 56 154 154’ 
The Cartan matrix is the same as the Cartan matrix given in Section 1.5. 
3.6. Projective Characters Module 2 
The irreducible Brauer a-projective characters are those given in 
Table VII. The decomposition matrix is therefore 
6 15 45 45 84 384 
66’1 11 
66 1 1 1 
120 1 2 1 
126 2 2 1 
126 1 2 1 1 
210, 1 2 1 1 1 
330 2 4 1 1 2 
210, 1 2 1 1 1 
210, 1 2 1 1 1 
384 ~ 1 
The Cartan matrix is the same as the Cartan matrix given in Section 2.6. 
4. THE IRREDUCIBLE Q-PROJECTIVE CHARACTERS WITH a4= 1 
4.1. Ordinary Projective Characters 
The cocycle a determines a cocycle p on restriction to A, and /I is 
cohomologous to either the trivial cocycle or a cocycle of order 2. If /3 were 
cohomologous to the trivial cocycle, there would be a P-projective represen- 
tation of degree 1 and the induced o-projective representation would have 
degree 176. Applying Brauer’s theory of blocks to the primes 5, 7 and 11, 
each of which divide IM,,l to the first power only, it may be seen that the 
degrees of the irreducible cl-projective characters would be the character 
degrees given in Table II. It then follows that the character values would be 
as given in Table II. However, if there was an irreducible a-projective 
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character 10, the product character 10 . 10 would have to be expressible in 
terms of the irreducible characters given in Table II and this is impossible. 
It therefore follows that /3 is cohomologous to a cocycle y of order 2. 
Schur [lo] has determined the values of the irreducible y-projective 
characters and although we cannot ensure these are the values of the 
irreducible P-projective characters, we do at least know the degrees of the 
irreducible P-projective characters from Schur’s results. Another important 
piece of information which is directly observable from Schur’s table is that 
the classes of elements of orders 2 and 6 in A, are y-irregular and therefore 
P-irregular. It then follows that the classes of elements of M,, of order 2 and 
6 must be a-irregular. 
We now consider the a-projective character 704 obtained by inducing to 
M,, the irreducible P-projective character of A, of degree 4. There are two 
reasons why the values of 704 are not immediately determined. First, it may 
happen that for some P-regular class, the corresponding class in M,, is not a- 
regular. This would mean that the character 704 would take the value zero in 
some “unexpected” places. (It turns out later that this possibility does not 
actually occur.) Second, a difficulty arises concerning the two classes of 
elements of order 3 in A, which are fused in M,,. Normally, the ambiguities 
of sign in the values of projective characters are not very significant. 
However, if /I was such that the values of the P-projective characters on just 
one of these classes of elements of order 3 in A, should have the opposite 
sign to Schur’s values, then the values of the induced characters would be 
different from those otherwise expected (and indeed this turns out to be the 
case here). Thus, at the moment, the norm at 704 can only be shown to be 
less than 3. However, it is easily seen that in any group G an element g such 
that C,(g) = (g), must be a-regular. It follows that the elements of M,, of 
orders 5, 7, 8 and 11 must be a-regular and that 704 has norm greater than 1 
and therefore 704 has norm 2. Brauer’s theory may now be used to 
determine first the degrees of the irreducible a-projective characters which 
are constituents of 704 (namely, 144 and 560) and then, by considering 
blocks of defect 1 modulo 7 and 11, to determine the degrees of the 
irreducible a-projective characters. The values of these characters are then 
easily determined and are given in Table IX. 
4.2. Projective Characters Module 11 
On the ground of degrees, the Brauer tree of the only block of a-projective 
characters of non-zero defect is 
- 56 
\ 
* 144 
160 
/ 
s/56 ‘. 144 
481/16/l-2 
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4.3. Projective Characters Module I 
The irreducible a-projective characters 160, 160, 176, 144 and 144 form 
the only block with non-zero defect and 144, 144 are exceptional for 7. The 
Brauer tree is 
144 160 176 160 .-. -.-. . 
It has been assumed here that 160 is an irreducible a-projective character 
modulo 11. In this case, its complex conjugate 160 is an irreducible a-‘- 
projective character modulo 11. 
4.4. Projective Characters Module 5 
The Brauer tree of the block of non-zero defect is 
56 144 176 144 56 .- .-. 
4.5. Projective Characters Modulo 3 
The characters 144, 144 each forms a block on its own and so the Cartan 
matrix contains an identity 2 x 2 matrix as a block. It will be convenient to 
determine the values of the irreducible Brauer a-projective characters and the 
decomposition matrix in Section 5. 
4.6. Projective Characters Module 2 
The irreducible Brauer a-projective characters are just the irreducible 
Brauer characters of Mzz, so Table V may be used to see that the decom- 
position matrix is 
56 
56 
144 
144 
160 
160 
176 
560 
1 10 m 34 98 70 70 
-2 1 1 1 
2 1 1 1 
2 1 1 1 
2 1 1 1 
2 1 1 2 1 
2 1 1 2 1 
2 1 1 1 
_8 4 4 4 2 1 1 
and the Cartan matrix is that of Section 1.6. 
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5. THE IRREDUCIBLE ~-PROJECTIVE CHARACTERS WITK aI2 = 1 
5.1. Ordinary Projective Characters 
The irreducible Brauer a-projective characters modulo 2 are those of 
Table VII and the Cartan matrix is that of Section 2.6, so there is an 
irreducible a-projective character 384. Similarly, the characters 144, 144 of 
4.5 are irreducible a-projective characters. The remaining irreducible a- 
projective characters are then easily determined either by induction from A, 
or by decomposing products of characters from Table VI with characters 
from Table IX. The values of the irreducible a-projective characters are 
given in Table X. Combining the values in Tables II, VI, VIII, IX and X 
would give the character table of the representation group 12 . M,,. In [4], 
Griess states that Fong and Norton have calculated this table. 
5.2. Projective Characters Module 11 
On restriction to M,, , a determines a cocycle /I, and the values of the 
irreducible P-projective characters may be determined by restricting the 
values in Table X. These characters have degrees 24, 24, 48, 48 and 120. 
Since 11 does not divide IM,, 1, the a-projective character 528 obtained by 
inducing 24 is a sum of principal indecomposable characters. However 
528 = 144 + 384 
and so 144 + 384 is a principal indecomposable character. It follows that the 
Brauer tree is 
i 336 
120 144 1 384 144 120 .-. -. 
5.3. Projective Characters Module I 
The characters 336, 336 each form a 7-block and 144, 144 are exceptional 
for 7 so, on ground of degrees, the Brauer tree of the remaining 7-block is 
120 
\. 384 144 
/ 
120 
5.4. Projective Characters Module 5 
The characters 120, 120 each form a 5-block and the remaining 5-block 
has Brauer tree 
144 336 384 336 144 .-. -. -- . 
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5.5. Projective Characters Modulo 3 
We saw in Section 5.2 that the irreducible /?-projective characters of M,, 
have degrees 24, 24, 48, 48 and 120. The cocycle of Section 4 also 
determines a cocycle of M,, by restriction and it is easily seen that in this 
case the irreducible projective characters have degrees 8, 8, 56, 64, 80 and 
80. Restricting to 3-regular elements, both these sets of characters must be 
expressible in terms of the irreducible Brauer /?-projective characters of M,, , 
from which it follows that these irreducible Brauer characters have degrees 8, 
8, 24, 24 and 40. 
The characters in Tables IX and X must all be expressible in terms of the 
irreducible Brauer a-projective characters. It is not difficult knowing the 
restrictions to M,, and to A, to obtain the values as given in Table XI. 
The decomposition matrix of Section 4.5 is now seen to be 
56 
56 
160 
160 
176 
560 
144 
144 c 
and the Cartan matrix is 
48 48 56 
1 
1 1 
1 1 
1 
1 1 3 
where 
c, = 
i 
Cl 
‘2 1 
1 2 
4 4 
4 4 
2 2 
56 64 144 144 
1 
1 
1 
1 1 
3 2 
1 c2 ’ 
4 4 
4 4 
13 12 
12 13 
7 7 
1 
1 
and 
c, = 1 0 
( ) 0 1’ 
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The decomposition matrix of a-projective characters is 
19 
48 48 56 56 
120 1 
120 
336 i 1 
1 
2 2 
336 1 2 2 
384 1 1 2 2 
144 
144 
with the same Cartan matrix as above. 
5.6. Projective Characters Module 2 
64 144 144 
1 3 
1 
1 
1 
1 
1 
1 
The irreducible Brauer a-projective characters modulo 2 are those of 
Table VII, so the decomposition matrix is 
6 15 45 45 84 384 
and the Cartan matrix is that of Section 2.6. 
3 
1 , 
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APPENDIX 
Throughout the following tables, w denotes (-1 + i fl)/2, z denotes 
(-1 + i fi)/2 and t denotes (1 + i)/& 
TABLE I 
The Irreducible Characters of M,, 
I (2y (3j6 (sy (4y (2)* (4y (2)* (7)) (7)’ (8)* (4x2) (6)* (3)* (2)* (1 I)* (ll)* 
1 1 1 1 1 1 1 1 1 
21 5 3 1 1 1 0 0 -1 
55 7 1 0 -1 3 -1 -1 1 
154 10 1 -1 2 -2 0 0 0 
210 2 3 0 -2 -2 0 0 0 
280 -8 1 0 0 0 00 0 
280 -8 1 0 0 0 00 0 
231 7-3 l-l -1 0 0 -1 
385 1 -2 0 1 1 0 0 1 
99 3 0 -1 -1 3 1 1 -1 
45 -3 0 0 1 1 w w -1 
45 -3 0 0 1 1 B w -1 
1 
-1 
1 
1 
-1 
1 
1 
1 
-2 
0 
0 
0 
1 
-1 
0 
0 
I 
z 
i 
0 
0 
1 
1 
-1 
0 
0 
I 
r 
Fl 
0 
0 
1 
TABLE II 
The Irreducible a-Projective Characters of M,,, cz* = 1 
1 (2)’ (3j6 (5j4 (4)“ (2)’ (7)’ (7j3 (8)*(4X2) (6)* (3)* (2)* (Ill2 (11)’ 
10 -2 1 0 -2 w w 0 1 -1 -1 
10 -2 1 0 -2 m w 0 1 -1 -1 
56 8 2 1 0 0 0 0 2 1 1 
120 8 3 0 0 1 1 0 -1 -1 -1 
126 -6 0 1 2 0 0 0 0 z I 
126 -6 0 1 2 0 0 0 0 
154 -2 1 -1 2 0 0 2i 1 b Fl 
154 -2 1 -1 2 0 0 -2i 1 0 0 
210 -10 3 0 -2 0 0 0 -1 1 1 
330 -2 -3 0 -2 I 1 0 1 0 0 
440 8 -1 0 0 -1 -1 0 -1 0 0 
TABLE III 
The Irreducible Brauer Characters of M,, modulo 3 
1 (2Y (5Y (4Y (2)* (4Y (212 (7j3 (7)' @I* (4X2) (11)* (Ill2 
1 1 1 1 1 1 1 1 1 1 
55 7 0 -1 3 -1 -1 1 0 0 
49 1 -1 1 -3 0 0 -1 I i 
49 1 -1 1 -3 0 0 -1 
231 -9 1 -1 3 0 0 1 : G 
21 5 1 1 1 0 0 -1 -1 -1 
210 2 0 -2 -2 0 0 0 1 1 
45 -3 0 1 1 w w -1 1 1 
45 -3 0 1 1 0 W -1 1 1 
99 3 -1 -1 3 1 1 -1 0 0 
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TABLE IV 
The Irreducible Brauer a-Projective Characters Modulo 3, a* = 1 
I (2)” (5Y (4)' (2)' (7)j (7)' (8)* (4)(2) (III2 (11s 
126 -6 1 
126 -6 1 
I20 8 0 
210 -10 0 
10 -2 0 
10 -2 0 
56 8 1 
154 -2 -1 
154’ -2 -I 
2 
2 
0 
-2 
-2 
-2 
0 
2 
2 
0 0 
0 0 
1 1 
0 0 
I+’ II 
kc 
0 “d 
0 0 
0 0 
0 
0 
0 
0 
0 
0 
0 
2i 
-2i 
L r 
I z 
-1 -1 
I 1 
-1 -1 
-1 -1 
1 1 
0 0 
0 0 
TABLE V 
The Irreducible Brauer Characters of Mz2 Modulo 2 
1 (3T (5Y (7)' (7Y (Ill* (11s 
1 1 1 1 1 1 1 
10 1 0 w !z -1 -1 
IO 1 0 bc w -1 -1 
34 -2 -1 -1 -1 1 I 
70 -2 0 0 0 -1 +z -1 +r 
70 -2 0 0 0 -1 +f -1 +z 
98 -1 -2 0 0 -I -1 
TABLE VI 
The Irreducible a-Projective Characters of M,,, a’ = 1 
(1) (2T (5f (4Y (2Y (4Y (2Y (7)' (7)' (8)2 (4)(2) (6Y (3Y (2Y (11T (11)* 
21 5 1 1 1 0 0 -1 2 -1 -1 
45 -3 0 1 1 U’ G -I 0 1 1 
45 -3 0 1 1 k U’ --I 0 1 I 
99 3 -1 -1 3 I 1 -1 0 0 0 
105 9 0 1 1 0 0 1 0 1tz 1 +r 
105 9 0 1 1 0 0 1 0 1 +I 1 +z 
210 2 0 -2 -2 0 0 0 2 1 1 
231 -9 1 -1 3 0 0 1 0 0 0 
231 7 1 -I -1 0 0 -1 -2 0 0 
330 -6 0 2 -2 1 1 0 0 0 0 
384 0 -I 0 0 -1 -1 0 0 -1 -1 
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TABLE VII 
The Irreducible Brauer a-Projective Characters of M,, Modulo 2, a3 = 1 
1 (V (7Y (7Y (11s (11Y 
6 1 -1 -1 1 +z 1 +r 
15 0 1 1 -1 +I -1 +z 
45 0 w s I 1 
45 0 kc W 1 1 
84 -I 0 0 2+z 2+1 
384 -1 -1 -1 -1 -1 
TABLE VIII 
The Irreducible a-Projective Characters of M,,. ah = 1 
1 (2J8 (V (4Y (2J2 (7Y (7Y (8J2 (4)(2) (6Y (3)’ (2)* (ll)* (11Y 
66 6 1 -2 W B 0 
66 6 1 -2 0 W 0 
120 8 0 0 1 1 0 
126 -6 1 2 0 0 0 
126 -6 1 2 0 0 0 
210 -10 0 -2 0 0 0 
384 0 -1 0 -I -1 0 
330 -2 0 -2 I 1 0 
210 6 0 2 0 0 2t 
210 6 0 2 0 0 -2t 
0 
0 
2 
0 
0 
2 
0 
-2 
0 
0 
0 0 
0 0 
-1 -1 
z r 
r z 
I 1 
-1 -1 
0 0 
1 1 
1 1 
TABLE IX 
The Irreducible a-Projective Characters of M,,, a4 = I 
1 (3Y (5Y (7)’ (7)’ (8)* (4x2) (11s (II)* 
56 2 1 0 0 
56 2 1 0 0 
144 0 -1 1+w 1+1 
144 0 -1 If!-? 1+w 
160 -2 0 -I -1 
160 -2 0 -1 -1 
176 -4 1 1 1 
560 2 0 0 0 
2t 
-21 
0 
0 
0 
0 
0 
0 
1 1 
1 1 
1 1 
1 I 
1 +r 1 +r 
1 t.? 1+z 
0 0 
-I -1 
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TABLE X 
The Irreducible a-Projective Characters of M12, .I2 = 1 
I (V (7)” (7Y W (4)(2) (1lY (II)’ 
120 0 1 1 2t -1 -I 
120 0 1 1 -21 -1 -I 
144 -I 1+w 1+* 0 1 1 
144 -I 1tw 1tu 0 1 1 
336 1 0 0 0 1tz ItF 
336 I 0 0 0 1 +r ttz 
384 -1 -I -1 0 -1 -1 
TABLE XI 
The Irreducible Brauer a-Projective Characters of M,, Modulo 3, aI2 = 1 
1 (V (7)-’ (7)’ W (4)(2) (ll)? (ll)? 
48 -2 -1 -1 0 --I tz -1 +i 
48 -2 -1 -1 0 -1 +I -1 +z 
56 1 0 0 2t 1 I 
56 1 0 0 -21 1 I 
64 -1 1 1 0 -2 -2 
144 -1 1tw l+d 0 1 I 
144 -1 1tkC 1+w 0 1 1 
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